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OBJECTIVE 


Nuvy  di'ctronic  systems  are  becoming  more  complex,  more  costly,  and  more  dilTi- 
cuil  to  maintain.  C ommand  control  and  communication  systems  require  large  amounts  of 
data  and  program  storage.  .Aiivances  are  being  made  in  solid-.state  memory  technologies 
which  will  benelit  the  Navy  systems,  [ lie  objective  of  this  effort  was  to  investigate  the 
use  of  charge-coupled  devices  for  computer  memory  systems  and  also  to  develop  a controller 
which  will  be  useful  for  charge-coupled  device  and  other  memory  technologies. 

RESULTS 

A modular,  media-independent  memory  system  was  designed  and  prototype  hard- 
ware was  labricated  and  tested.  A ('('D  module,  for  use  in  the  memory  system,  was  de- 
signed and  a partially  populated  module  was  tested.  Over  1 200  hours  of  continuous  opera- 
tion indicated  a ('CD  error  rate  of  about  1 X 10~^  ' per  bit.  The  system  error  rate  was  even 
lower. 


RECOMMENDATIONS 

1 . Continue  to  test  and  to  incorporate  new  solid-state  devices  such  as  CCDs, 
magnetic-bubble  devices  (MBDsl,  and  metal  nitride-oxide  .semiconductors  (MNOS)  into 
memory  systems. 

2.  Continue  the  development  of  data-base  management  and  information-retrieval 
techniques  for  memory  systems. 

Utilize  advanced  solid-state  memory  equipment  to  enhance  the  effectiveness  of 
the  Navy  C'-^  systems. 
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SECTION  1.  INTRODUCTION 


Disks  and  drums  an.'  prcsontly  tisi-il  tor  vi-ondary  (mass)  storage  m computer  s\s- 
tenis.  1 heir  meeliamcal  nature  leads  u-  pr^'Meiii'  in  access  time,  maintenance,  and  reliabiii- 
ty.  In  a conimerci.d  environment  ilie  c<>si  per  hit  is  still  competitive  with  semiconductor 
random-access  memories  ( R.\M  I Inn  the  more  liarsli  military  environment  brings  the  cost  up 
to  approximately  0 .T.*!  cents  per  bit  for  about  l.S  million  hit.s  ol'  drum  storage  ( b 2.*'-ms  ac- 
cess). The  cost  tor  an  individual  system  will  vary  depending  upon  the  support  circuitry  such 
as  the  controller,  power  supplies,  and  cabinet. 

Recent  advances  in  semiconductor  technology  have  brought  the  charge-coupled 
device  (CCD)  to  the  point  of  competition  with  moderate  capacity  (a  few  million  bits)  drums 
and  fixed-head  disks  (FHD).  This  report  covers  the  development  of  a modular  memory 
subsystem  suitable  for  use  in  the  Navy  C-^  systems  having  requirements  for  secondary  stor- 
age. Included  in  this  subsystem  is  a microprocessor  controller  which  is  capable  of  being 
programmed  in  order  to  modily  its  operational  characteristics  to  suit  a particular  task. 

Since  there  are  underdevelopment  several  other  technologies  which  will  be  used  for 
mass  storage  in  the  next  five  to  ten  years,  the  memory  subsystem  to  be  described  has  been 
called  the  Media-Independent  Memory  Controller  (MIMC  ).  The  hardware  has  been  designed 
and  fabricated  with  the  goal  of  using  it  to  test  prototyjK*  devices  and  architectural  concepts 
for  charge-coupled  devices,  magnetic-bubble  devices,  metal  nitride-oxide  semiconductors, 
and  any  other  promising  technologies,  as  time  and  funding  will  allow.  Section  2 will  de- 
scribe the  MIMC  hardware,  architecture,  of>eration.  and  other  characteristics. 

Section  3 will  describe  the  software-development  aids,  or  monitor,  which  have  been 
written  to  allow  a programmer  to  communicate  with  (he  proces.sor  and  to  control  peripher- 
als. An  NFLC  Technical  Note  covers  the  operations  available  in  the  MIMC'  monitor  and  will 
serve  as  an  instruction  manual  for  a programmer  wishing  to  use  the  system. 

Section  4 describes  the  philosophy,  architecture,  and  oiverating  characteristics  of  the 
('CD  module  designed  for  use  in  this  system.  The  primary  goal  in  the  development  of  this 
module  was  to  achieve  very  high  reliability  of  data  with  maximum  modularity  and  self- 
maintenance  capabilities. 

The  results  obtained  from  the  assembly  and  test  of  a partially  populated  module  are 
discussed  in  Section  5.  The  software  and  the  various  types  of  tests  are  described.  Several 
weeks  of  constant  reading  and  writing  of  the  256  thousand  bits  resulted  in  less  than  ten 
errors.  All  of  these  were  corrected  by  the  FDAC'  circuitry  so  that  the  system  actually  saw  no 
errors.  Calculations  show  that  there  is  an  error  rate  of  about  1 .2  X I0~‘  ^ for  the  C'CD  system. 

Section  6 of  this  report  summarizes  the  work  and  makes  recommendations  for  im- 
provements and  future  work. 


SECTION  2.  THE  MEDIA-INDEPENDENT  MEMORY  CONTROLLER  (MIMC) 


BACKGROUND 

Several  technologies  are  under  development  which  promise  a solid-state,  low-cost 
alternative  to  electromechanical  data-storage  equipment.  Three  of  the  most  promising  arc 
charge-coupled  devices  (CCDs),  magnetic-bubble  devices  (MBDs).  and  electron-beam  devices 
( I-  BDs).  I-ach  of  these  devices  has  advantages  and  disadvantages.  These  will  not  be  dis- 
cussed in  this  report  since  the  literature  already  contains  many  articles  on  this  subject. 

Another  development  which  is  rapidly  gaining  momentum  is  the  microprocessor. 
Tliis  development  also  has  many  facets  and  there  are  dozens  of  microprocessors  available. 


OI  jniitii.iil,ii  intotL'sl.  m this  iiivcstigatioii.  l^  lli^‘  bipolar  microproccsM>r  slice  because  ol  its 
si'ceil  aiul  ailaptability  to  Navy  sy  stems.  1 lie  use  ol  inieroproeessors  enables  the  ilesigner  to 
implant  sieiiilicant  intelligence  in  the  evpiipment  he  tlesigiis  aiui  still  retain  Ilexibility  ami 
i.A|\msioii  cajiability  without  maior  changes  in  haniware. 

( oncurrently  , ailvances  are  being  made  in  the  area  ol  soltware  teclmU|Ues  winch  will 
improve  the  pei  lormance  aiul  capabilities  ol  ilala-base  systems.  I hese  new  soltware  ap- 
proaches. coinbineil  with  more  intelligent  hardware  and  high-speed,  iion-mechanieal  storage 
devices,  will  .ippreciably  enhance  reliability  and  |verlormance  ot military  systems. 

The  Media  Independent  Memorv  ( ontrollei  (.MIMO  is  an  attempt  to  combine  these 
diverse  developments  into  a single  unit  to  be  used  to  develop  and  test  concept's  ^uid  hard- 
ware. \11M(  is  aimed  at  providing  imiltiple-media  (eleelronic  or  magnetic)  haiulling  capabil- 
ity . advanceii  data-base  management  technuiues,  and  a uselul  degree  ot  loeali/ed  intelligence 
lor  improveii  normal  operating  pertbrmanee.  as  well  as  a siginlicanl  sell-maintenance  and 
diagnostic  ca|iability  lor  lault  location  and  repair. 

I'o  aid  the  cost-elTeetive  applie..tion  ol  these  new  developments,  this  ec|uipment 
adopted  the  use  ot  standard  hardware  from  the  beginning.  1 he  Super  1,\  card,  developed  as 
part  ol  the  Navy  Standard  Hardware  Program  (Sill’),  has  been  used  m the  protoly  pe  hard- 
ware. Several  cards  which  are  m use  in  another  development,  the  Subinarme  Satellite  Inlor- 
mation  I xehange  System  (SSl.XS),  are  used  in  MIMC  to  siinplily  logistics  and  training  prob- 
lems. rile  various  cards  will  be  described  in  later  sections  ol  this  report. 

MIMC  ARCHITECTURE 

MIMC  has  a bus-structured  architecture.  Figure  1 shows  a simple  block  diagram  ol 
the  sy  stem.  The  bus  definition  is  basically  the  same  as  the  bus  used  in  SSIXS  8080-l’.ased 
hardware.  The  control,  power,  address,  and  data  lines  are  the  same  with  .^2  bidirectional 
data  lines  rather  than  eight.  Details  of  the  operation  ol'  the  bus  can  be  obtained  Irom  a 
description  of  the  SSIXS  hardware.  The  basic  input-output  (I/O),  random-access  memory 
(RAM),  and  read-only  memory  (ROM)  boards  are  the  same  eards  used  in  the  SSl.XS 


Figure  I.  MIMC  areliileci  ’rc. 
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hardware,  I'lie  proce,sM>r/'conlrol  module  eonsi.sts  ol  six  cards  which  are  uuitjue  to  iliis 
system.  Two  ot  these  six  are  identical  (RAI.U  cards,  upper  and  lower).  These  two  cards 
each  contain  lour,  lonr-bit  slice  microprocessors;  the  Monolithic  Memories  .‘'7  (>70  1,  plus 
look-ahead  can  y (;enerators,  ;nul  heavy-duty  bus  drivers  and  receivers.  Three  cards,  control 
I,  2.  and  3.  contain  the  general  system-liming  circuits,  the  bus-control  circuitry,  address 
latclies.  and  microcode  ROMs,  which  interpret  instructions  and  generate  control  signals  lor 
the  microprocessor  carils.  Interrupt  circuitry  is  also  contained  on  these  cards.  See  table  1 
tor  a list  ol  the  modules  used  in  a minimal  system. 

The  debug  card  is  u.sed  to  display  data  on  the  32-bit  bus  in  hexadecimal  lormat. 

There  are  also  switches  which  allow  manual  entering  of  data  or  instructions  for  trouble- 
shooting and  initializing  the  system. 

The  operation  of  the  processor/ control  section  will  be  explained.  Basically,  it  is  a 
32-bit,  microprogrammed  processor  with  16  working  registers,  a ‘O'  register,  and  an  arith- 
metic logic  unit  (the  6701 , four-bit  slice),  a separate  status  register,  memory-address  register, 
vectored  interrupts,  bit-testing  capability,  and  the  timing  circuitry  to  control  the  bidirec- 
tional data  bus. 


TABLE  1.  MIMC  MINIMUM  SYSTEM. 


Number  of  Cards 

1 

Card  Type 

Description 

■) 

RALU  Microprocessor 

4-6701,  four-bit  slices 

Control  1 1 

Instruction  decode 

1 

Control  2 

Address  latches,  drivers,  status  register,  bit 
testing 

1 

Control  3 

Clock,  timing,  bus  control,  interrupt 
circuitry 

Debug 

Panel  control,  hexadecimal  display  and 
drivers,  bus  interface 

NTDS  input 

16-bit  NTDS,  line  timing-bus,  inter- 
face, etc 

' ! 

NTDS  output 

16-bii  NTDS,  line  timing-bus,  inter- 
face, etc 

Basic  I/O 

SSIXS  module 

4 

RAM 

SSIXS  module,  2k  or  Kk  bytes  each  card 

4 

ROM 

SSIXS  module,  2k  or  8k  bytes  each  card 

OPERATION 

The  heart  of  the  MIMC  is  contained  in  the  processor/control  section.  A block  dia- 
gram of  this  section  is  shown  in  figure  2.  A more  detailed  diagram  of  the  6701  four-bit  slice 
is  shown  in  figure  3.  A brief  description  of  the  operation  will  be  given  below.  For  more 
details,  the  reader  is  referred  to  the  logic  schematics,  microcoding  lists  and  timing  charts. 

Instructions  to  be  executed  are  stored  in  either  RAM  or  ROM  modules.  An  instruc- 
tion is  fetched  by  putting  the  contents  of  the  program  counter  (register  F)  on  the  bus  and 
loading  the  memory-address  register.  The  first  state  of  each  instruction  (state  zero)  reads 
the  instruction  off  the  data  bus,  loads  the  operation  code  (bits  24  to  3 1 ) into  the  microcode 
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CONTROL  1 


RALU 


Figure  2.  iVUMC  pritccssor/conlrnl  block  diagram. 
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Figure  3.  Hxpundahle  4 bil  sjiee,  40-pin  package. 


.iilil  tvss  i.  n\  II  il  I A . lo.uK  bits  1 (>  to  2.'  in  111  t Ik-  ia'izisIci-m.-Ii.’i.  I i<  i;i  m iilt  iplnxi'i . .iiul  bi  i s /ni  n in 
I s 111  111  1 Ik'  li  i\\  it  I Kill  III  I Ik'  lipiT.llllI  I I'pisUT  ( lv'LTstl.T  I ).  I I IK  ll|'|H'l  I Kill  i l|  U'L’lsU  I I Is 
Ini  Ki'il  III  /Kill  il  III  ins:  si, Ik'  /mil.  ( Si’n  \p|’iTuli\  ,\  Im  .i  iK’si_ri|i|  uni  nl  I Ik-  nisi  i mi  u mi 
li)| ilKlt.  I 

1 Ik’  iilk  rikoilc  .iililrrss  (.iraiiliA  li.nishiU-s  iIk-  npu.ilinn  siuK'  inln  ,i  sl.u  imp  mlili/ss 
I III  Ilk’  ink  1 Ik  oiii.'  R(  )\1 . I )i'piTulmp  upon  I Ik-  opii  jtum  o ul  Ilk'  in  k i iu.i  uli'  .idil  iass  mi  - 
liiiliA  vmII  sU'p  lliroimh  si-vitjI  mianinsiiiKiinn  .iilitrcssi-s  uiilil  tin.’  mul  nl  ili.il  nislnklinn 
Is  ri',k  lk'i.l  I )ik'  niKi  ikAs  k'  U‘i|Uili.-s  '50  In  '^OO  n.innsi.k  niuls 

Im  msUiiKi-'.  Ilk'  Inst  sl.iln  of  ink'rninsInKinni  m.i\  pin  Ilk’  prnpuni  siuinlL'i  nn  Ihc 
il.il.i  Inis  .iikl  liKkl  Ilk’  nuinniy  .ulilrnss  rnpiski  to  skirl  Ilk-  ik-\t  mslrikiion-k’k  li  sAik’.  I lk 
si’Koikl  Illk  likA  pk-  oT  llkil  insliik’lion  llllghl  lo;ul  oik-  roglskT  with  Ilk  cnnk-nis  nl  iiinllK’l 
.I’iil  I'liii  Ilk-  opm.ition.  rik-  ik-xt  nikiik’y  nk-  would  bn  a slak-  /mo  wlikli  would  bcpin  Ilk 
ik’\t  instriklion  i.-\i,-i.’ulion. 

In  Ilk  instruclion  just  dismissnil.  Ilk-  a-gisk-rs  nnolvi.-d  would  bn  snlnnk-d  b\  llin 
inpisim-snlnnl  nuillipk-xnr  shown  in  ligiirn  2. 

I hmn  arn  instriintions  which  Inst  il  a nnrtain  bit  ol  Ihn  status  rngistni  nr  a working 
k'gistni  IS  snt.  I'hn  bit  0—1  5 can  bn  snlnclnd  by  Ihn  B I'inld  ol  Ihn  instruction  I bits  20  in  2.'  I. 
I Ik  data  inultipinxm  snincis  thn  spncilinil  bit  Irom  Ihn  bus  whiln  thn  status  rngistnr,  nuilt i- 
plnxnr  circuitry  allows  thn  stains  rngistnr  to  bn  nhncknd.  I'hn  Bit  l atch  I Bl.  I stores  thn 
tour-bit  hnxadncimal  cock-  to  snlnct  Ihn  bit  position  ol  ininrnsl. 

Otlk-r  nlniiinnts  ol  thn  control  circuitry  arn  the  mam  timing,  which  inclndns  a crystal 
oscillator,  and  the  ininrrnpt  nirenitry.  which  racihlates  Ihn  u-ctornd  interrupt  operaluni 


INPUT  OUTPUT 

Inpnt/oulpnt  operations  are  perl'ormed  exactly  as  they  arn  in  thn  SSIXS  SUXO  sy  s- 
tem.  I t)  ports  are  addressed  on  the  normal  address  lines  .ind  the  control  lines  indicate  an 
I ()  operation  The  SSIXS  I/O-l  card  is  used  to  comtmmicale  over  RS-232  or  ISX-C  inter- 
laces, riiern  arn  other  cards  designed  Tor  the  SSIXS  system  which  can  also  he  used  in  MIMC 
such  as.  l'()-2  which  is  an  AN/UVK-20  serial  1,0.  amt  I'O-.^  which  is  a RI'MI  X paper-tapn 
reader  and  punch. 

I wo  N I I)S  cards  have  been  designed  lor  MIMC  to  interlace  the  bus  with  a Ib-bit, 

N I l)S.  slow  or  last  channel.  One  card  is  rec|uired  tor  input  and  one  lor  outiuit.  The  hand- 
sh.ikmg  reiiuired  lor  the  N TI/S  interlace  is  done  on  the  c.ird.  The  card  can  bn  set  up  to  .ict 
as  a peripheral  or  .is  a computer  on  both  input  and  output.  The  cards  can  also  bn  connected 
III  parallel  to  ymld  a .32-bit  N I DS  mierrace.  The  cards  have  the  "subchanner'  addressiiu: 
scheme,  that  is.  each  channel  tills  lb  addresses  llor  instance,  addresses  40  to  4!').  Presently, 
only  thn  lower  night  addresses  are  used;  the  upper  eight  are  tor  expaiulnd  t'unctions  .md  .irn 
iiot  yet  .issigned.  Table  2 shows  the  lunctions  selected  with  the  eight  addresses. 


TABU  2,  MIM(  NTDS  I UNt  lTONS. 


Oiilpiil  1 iii)nlii)ii 

(ode 

Oiilpiil  Data 

0 

Oiilpiil  ( imiiiiaml  1 

1 

Snikl  Status  Wiird  j 

y 

( li'ar  liitcniipt  Request  j 

10 


I AHI.I  1.  ((  Dili iniial ). 


j 

Oulpill  1 IMKllon  ■ 

('i)de 

\>tl  1 NC’cl 

4 

Nol  t'seil 

N 

1 

1 liable  Bnllei  Ready  Iniortupi  j 

() 

Disable  But  let  Ready  Inlemipl 

7 

Input  funclion 

! 

Code 

NTDS  Data 

Inpiil  NTDS  ( oinniaiul 
Send  Stains 

Hear  Interrupt  ReipiesI 
I- liable  Data  Inlcrriipi 
Disable  Data  Interrupt 
1 liable  ( oniinand  Inlemipl 
Disable  C'orntnand  Inlemipl 


INTERRUPTS 

MIMC  presently  has  16  interrupt  channels.  They  are  prioritized  with  channel  0 
having:  the  highest  priority.  Interrupts  are  vectored.  That  is,  each  interrupt  channel  forces  a 
jump  to  a certain  memory  address.  At  that  address  are  instructions  which  respond  to  the 
interrupt  received.  The  appropriate  response  is  determined  by  the  programmer. 

All  interrupts  can  he  enabled  or  disabled  by  software  instructions.  Individual  chan- 
nels can  only  be  enabled  or  disabled  by  selecting  each  channel  under  software  control. 

An  interrupt  can  occur  at  the  start  of  each  new  instruction  if  interrupts  are  not 
disabled  With  the  use  ol  the  appropriate  instructions,  the  program  counter  will  automati- 
cally be  stored  and  reloadcil  for  normal  operation. 


SECTION  .C  PROGRAMMING  THE  MIMC 
THE  INSTRUCTION  SEE 

in  this  protoUi'c  h.irdwaic.  onlv  a b.isic  set  ol  (>7  instructions  has  been  implement- 
ed. The  adopteil  lormal  .tiul  dcimilions  are  deseribed  m Appendix  A.  A list  ot  the  instruc- 
tions along  with  a bnel  desiri|>lion  is  given  in  .Appemlix  B The  format  has  been  kept 
simple  and  relatively  sli.iiglitloiw.iril  1 li  nasu  vlassesol  instructions  ( loads,  stores,  logical, 
anthmelic.  shillmg.  tumps.  ,iiul  lonip.iiesi  li.ive  been  implemented.  Specul  instructions 
ei'iieerned  with  nilernipis.  sl.uk  o|Hi.itions,  1 ().  and  other  lunclioiis  have  also  been  includ- 
ed, With  the  H-bit  operation  code,  we  have  the  possibility  ol  2b(i  instructions.  Since  the 
"right”  instruct  ions  depend  upon  the  .i|'plicalion  (and  opirnont.  we  have  left  plenty  ol  room 
lor  increasing  the  mslruction  set 
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mi  MONITOR 

A minimum  M INK  s\  si  cm  h.is  hccn  asscmlilcil  aiul  mlci  t.iccd  \Mth  ,i  1 SI  '’71)0  J is- 
I'l.iv  icrmm.il  In  ouici  In  develop  test  projii.ims  aiui  to  exereise  llie  liaulvvare.  a inoniloi 
pio.ji  am  vv  as  dev  elopcil  and  w ritten  into  I’ROM  so  t liat  it  is  always  resident.  U it  li  t Ins  mom- 
toi  proeiam,  other  pioerams  can  he  developi'd  and  eoinmimieation  with  oilier  hauhvaie  is 
possible. 

Ilk'  pusenl  s\  si  em  lias  only  704K  vv  ords  oT  PROM  ( address  0000  through  0’  I I | ,,  i 
.ind  704S  wolds  ol  R \M  ( ail  dresses  0S0O  thru  01  I I ).  In  a larger  system,  the  storage  .ne.is. 
sl.ii  k-si.nl  mg  .iddresses.  .md  the  like,  eould  he  changed  to  utili/e  the  larger  memory 

I he  monitor  w.is  written  with  several  ohjeetives  in  mind:  to  inelude  all  possihle 
routines  ih.it  .ire  le.isihle  to  implement  .ind  which  are  useliil  to  the  user:  to  enahle  the  iisei 
to  m.ike  use  ol  the  suhroulmes  used  In  the  monitor:  and  to  have  sof  tware  break  point 
. .ip.ihilities 

Some  o|  the  routines  in  the  monitor  were  t.iken  and  modilied  trom  the  KOKO  .md 
''4_'-ll  monitois  I he  present  roiilines  can  h.mdie  two  peripherals  in  addition  to  the  console 
^ .It  hode-r.iy  tube  lermm.il.  the  RIMI'X  p.iper-lape  punch,  reader  and  a line  printer.  A rou- 
tine to  handle  the  PRO-LOd  PROM  piavgrammer  has  been  developed  and  can  he  loaded  and 
evecuied  Irom  RAM.  I iiture  routines  to  be  implemented  when  time  permits  include  a 
c.ird-reader  .md  handler,  and  a disk  handler. 

Most  subroutines  used  by  the  monitor  are  written  in  such  a way  as  to  allow  users  to 
make  good  use  ol  them.  In  other  words,  most  ol'  the  monitor  subroutines  preserve  all  registers 
except  the  status,  accumulator  "Q".  and  the  registers  used  during  input.  Also,  most  of  the 
subroutines  are  1 ()  related.  These  subroutines  allow  the  user  to  program  the  I/O  structure 
by  eliminating  the  details  one  encounters  when  programming  input-output. 

A software  breakpoint,  although  not  as  cleanly  implementable  as  a hardware  break- 
point. is  a very  powerful  tool  for  debugging  and  checking  out  software.  This  is  a mechanism 
to  eii.ible  the  user  to  "break”  from  a certain  location  m his  program  .ind  to  allow  him  access 
to  the  ctirrent  registers  at  that  "breakpoint"  of  the  program.  The  usc'r  is  allowed  to  change 
the  content  of  the  registers  (if  he  wishes)  .nul  to  continue  his  program  right  where  he  left  it 
( at  the  breakpoint  location).  This  gives  the  user  the  opportunity  to  debug  or  checkout  his 
program  by  stepping  through  it  and  observing  the  registers. 

I he  monitor  makes  good  use  of  the  cat!iode-ray  lube  terminal.  .A  backspace  key 
("a")  is  allowed  in  some  routines  to  allow  the  user  to  retype  the  last  eharaeter.  In  1 I)1T 
MODI  , a user  is  allowed  to  edit  (he  data  on  the  terminal  screen  using  the  key  board  .ind 
cursor  control  in  a nonconversion  mode  with  the  MIMC.  When  the  user  has  completed 
editing  on  the  terminal  screen,  he  can  then  send  everything  on  the  screen  in  one  block  to  the 
memory  in  the  Ml.MC. 

Additional  functions  or  routines  may  be  temporarily  added  to  the  Ml.MC  monitor 
wiihoul  having  to  he  stored  m PROM.  These  routines  can  be  loaded  into  RAM  and  a Hag 
can  be  set  .it  the  location  in  RAM  to  designate  the  point  where  the  comparison  test  of  the 
input  character  versus  function  character  is  to  be  continued.  A background  progr.im  can  be 
running  in  the  MIMf  at  the  same  time  a user  is  exercising  MIMC.  1 or  example,  a program 
to  lest  C(  I)  memories  may  be  running  m tlie  MIMC  at  the  s.ime  time  a user  is  debugging  his 
I'rogr.im. 

During  the  period  when  MIMC  is  waiting  for  input  from  the  keybo.iid.  it  executes 
one  pass  ol  the  lest  of  the  CCD  memoiy . AITerthispass.it  polls  the  key  board  toi  .my 
inputs  and.  if  there  are  none,  executes  another  pass  of  the  test.  If  an  input  is  received  trom 
the  keyboard  it  will  not  be  processed. 
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AiioiIk'I  u.iv  to  impk'iiii'iit  this  t'.iikgroiinil  nnitiiu'  (whuli  is  not  tin.'  w.u  it  is  im- 
I'li'MH'iiU'il  III  iIk-  aii  ii.'nl  ini'nitoi ) is  in  h.ivc  iIk-  mniiilni  on  inli'i i iipts.  I h.it  is,  ,ins  iiim 
iIk'  User  I\  ;h  s nil  the  ke\  hnjid.  an  mien upl  is  neneiateil  whieh  mstriu  ts  the  \1 1M(  In 
pint  ess  the  ke  \ hnaul  input  I he  haekpinuiul  |'in;ei  aiii  in  I li  is  wise  v miUI  run  ^nnlinunusl}, 
■Aithnul  Its  liaMiii;  In  iniisl.iiitK  pnll  the  ke\  hoard  tor  input. 

rile  inniulnt  iitili/es  tsvn  slaeks  ■>ne  is  lni  llie  nmnitni  and  the  nthei  is  tni  (lie  user 
I'ri  'prams.  I he  mnni  |nr  sIul  k is  dwa  \ s reset  In  its  beginning  eaeh  I line  the  M I M(  goes  tn 
R 1 1 lie  pi  nei  am  siaek  is  reset  tn  its  hegmiiing  ea..h  tune  the  usei  tv  pes  ■‘INI’  nr 

•'(  1 1 ,\R  S(  R1  I N ' 'll  \K  ri  l S ' a program 

1)1  S(  KIIM  ION  (U  MOM  rOR  1 I Nf  FIONS 

In  the  tnllnwmg  paiagraphs.  hriel  deseriptinns  nl  the  runetioiis  avuilahle  m the  ninm- 
!ni  ire  given.  The  Inrnial  nl  llie  tv  peil-in  instruetinns  is  shown  in  eapital  letters,  underlined. 
Hlieri  the  spaee  h.u  is  .lelu.iled,  llie  nperatinii  is  executed. 

1.  1)1  MR  dumps  meninrv  contents  starling  Irniii  a specilied  address  XXXX  en- 

tered hv  the  user 

XXXX  diimi's  1 4 screen  (6  lines)  24  locations 
I)  XXXXH  clear  screen  Jc  dump  12  screen  ( 12  lines)  48  locations 

1)  XXX\j_  clear  screen  & dump  lull  screen  (24  lines)  ‘)h  locations 

2,  ( N I f R allows  tlu'  user  In  enter  |irngrani  or  data  words  into  cotisecutive 

men'  'IV  ^ells  si.irting  Irnm  a specilied  address  XXXX 

( X^XXV  XXXX  XXXX  XXXX  XXXX  etc  clear  screen  Drsi, 

then  enter  begin 

1 XXXX  XX.XX  XXXX  XXXX  etc  same  as  above 

line  w (1  clearing 
screen. 

.V  INSIM  { 1 & ( II  AN(  .1  allows  user  to  inspect  and  change  a specdie  memory 

cell  It  desired. 

I X^XX  XXXX  XXXX  current  contents. 

XXXX  XXXX  lX)Nh  new  coiitem.s. 

4.  I XI  (T  i l loads  registers  with  contents  from  RAM  (OFFO-OI'FF)  and  iiiinp 
to  specified  adriress. 

XXXX 

“s,  PUN(  11  PAIM  R TAIM  punches  a paper  tape  ot  a specilied  memorv  area  with 

checksum,  leader,  and  tail. 

J*  XXXJX  IHRU  XXXX  1X)NF 

(i.  Rl  Al)  I’.API  R I AIT  reads  the  contents  ol  a papei  tape  into  a memorv  area 

specilied  on  lape.  Checks  checksum  on  tape  and  prints 
checksum  error  message  il  one  was  mtide. 

R XXXX  niRC  XXXX  IX)NF 


I.F 


^ ( 111  ( Is  R1  \I)  l‘MM  R 1 Aj^  sump. Ill’s  t)u'  sonli'iils  ol  .1  p.ipci  laps  utmis 

Ills  siintsnis  nl  .111  .IIS. I in  msiinn  \ .iiul  pi  ints 
I'll!  .iii\  ilitlsrsikss  I'll  Ills  ( R I , Tills  Huilmc 
.ilso  sninp.irss  ,iiil1  sllst  ks  Ills  slissksimi  mi  the 
l.ips  .iiul  pniils  mil  ,1  slissksiiiii  srnir  il  mis  was 
mads. 

< \\\\  IIIKl  \\\\  (,(>()D  TAPI  ' 

S IISTONllM  PRIMTR  lists  (dumpi  an  ars.i  oT  msmni\  In  I lis  Inis  printer 

loi  .1  liardsopy  listing:. 

I XXXX  THRL’  \.\\\  DOM 

‘I.  SIOKT  ( ONS  I.AN  T sloivs  a ,^2-bit  soiistani  into  ,i  spssiTisil  area  ol  memory. 

S XXXX  THRl'  XXXX  W-XXXX  XXXX  DONK 

10  1 INI)  (SI  .ARClIl  searches  a spssilie  area  m msmor',  lor  .i  eonslant 

.MASKI  I).  and  prinis  out  all  loealions  where  loimd. 

i XXXX  THRU  XXXX  W-XXXX  XXXX  M-XXXX  XXXX 
I I MOVT  moves  one  block  ol  memory  Irom  one  los.ilion  to  another. 

M XXXX  THRU  XXXX  M W L(X  XXXX  DOM 

' - HRl  AkPOIN  T BRl  AKPOIN  I ROU  TIM  same  as  exesute  rouline.  but 

dumps  registers  and  stack  and 
goes  to  “RDV  il  the  program 
reaches  the  breakpoint  address. 

B XXXX  lO  XXXX 

1 il 

X.XX.X  TO  XXXX  (Breakpoint  resume) 

B = 

XXXX  M XXXX  XXXX  T -XXXX  XXXX  DONH 

(abi've  line;  B =.  allows  user  to  restore  the  original  content  of 
the  breakptiint  address  m the  case  where  the  program  does  not 
reach  the  bre.ikpoint  address.) 

I .U  "(  leal  Screen"  clears  screen  aiul  clears  register  and  Hag  area  in  RAM;  RI  STi  T 
.STA(  K POINTI  RS.(;OTO  RDA 

14,  "INT"  (iO  TO  SP.  RDY  resets  program  stack  pointer.  Sets  URl  /LP  Hag  to 

( RT.OO  TO  RDY 

15.  VI  RIT  Y Prints  out  the  CHTCKSUM  ol  a specified  area  of  Memory . 

OTHhR  FT  ATURf  S 

I AUI  T ROU  TINT 

Any  time  a 00  instruction  is  lelched.  the  Program  Counter  will  he  forced  to  loc.ilion 
0000  and  this  fault  routine  will  he  executed.  This  routine  prints  out  (on  the  terminal)  the 
location  ol  the  laiill.  the  conlenis  of  the  laiilt  location,  a dump  of  the  current  register  at  the 
time  ol  the  lault.  and  a snapshot  dump  ol  the  memory  area  where  the  fault  occurred.  At 


14 


Uk-  eiiii  ol  this  snai'sliot  dtim|i.  IIr'  Program  Cotilrol  will  be  at  the  end  ol  the  DUMP  MODI- 
so  the  user  nia\  imniediatelv,  inspect  the  area  where  the  faiilt  occurred  and  then  use  the 
monitor  (unctions  to  cliange  (he  program. 


ADDITIONAL  I XI  ( UTIVI  ROUTINLS 

Lite  user  is  enabled  to  insert  additional  executive  routines  in  RAM  other  than  those 
just  discussed.  To  implement  this  leature,  the  user  must  place,  in  the  lower  halt' of  the 
memory  location  011'B,  the  address  where  the  check  tor  the  additional  executive  routine 
character  is  located.  It'  the  input  character  does  not  match  any  additional  executive  routine 
tunction  character,  the  Program  ( tmtrol  should  go  to  RKADY. 


BAUKOROLIND  ROUI  INI 

A background  program,  a program  that  runs  when  the  MIMC  is  in  a state  to  receive 
input  from  the  keyboard,  may  be  executed  by  placing,  in  the  upper  halt'  ot'  memory  location 
0I  LB.  the  beginning  address  of  the  background  program.  The  background  program  must  be 
perfect  in  (he  sense  that,  before  it  returns  to  the  keyboard  poll  routine,  all  registers  except. 

R I . Q.  and  SR.  must  be  restored  to  their  original  values.  The  stack  and  stack  pointer  must 
also  be  the  same.  The  background  program  returns  to  location  008H  to  poll  the  keyboard 
for  input. 

When  a background  program  becomes  fully  debugged,  it  may  be  placed  in  PROM. 
The  starting  address  of  this  background  program  may  also  be  placed  in  PROM  (lower  half  of 
location  057d).  This  enables  the  background  program  always  to  be  in  memory  and  running 
without  having  to  load  it  or  its  starting  address  info  RAM  each  time  the  MIMC  is  powered 
up. 

A routine  by  which  more  than  one  background  routine  may  be  running  consecutive- 
ly. one  alter  another  (if  no  input  from  the  keyboard  is  received),  has  been  developed  and 
tested.  This  routine,  along  with  additional  background  programs,  could  be  added  to  PROM 
(.fuite  easily.  Memory  location  0FHB  is  used  as  a switch  to  go  from  one  background  program 
to  another. 

The  beginning  background  routine  address  in  RAM  (location  0FKB)  overrides  any 
beginning  background  routine  address  stored  in  PROM.  The  beginning  background  routine 
address  in  PROM  is  seen  by  the  monitor  only  when  the  upper  half  of  memory  loc.Uion 
0FI'B  is  0000.  If  the  upper  half  of  memory  location  0FF.B  is  not  zero,  the  moniKu  will 
jump  to  the  location  specified  by  the  upper  half  of  location  0FHB,  thinking  a background 
program  exists  in  that  location. 

If  the  upper  half  of  location  0FEB  and  (he  lower  (lalf  of  the  location  where  the 
beginning  background  program  address  is  stored  in  PROM  are  both  zero,  no  background 
program  will  be  executed.  The  monitor  will  remain  in  a loop,  polling  for  input  from  the 
keyboard. 


SI  ( TION  4 1 HI  ( ( I)  MODULI 


•I 

(.IM  R U ( H AR  \(  Tl  RISIK  S 

III  I Ik-  design  ol  llu-  ( ( I)  moil  Ilk-,  main  I. k tors  ( ^om^lmu•^  iohiIk  i nm  I .k  ioi  s i k i 1 1 
I .ikon  111  to  .K\  I II I 111.  I Ik-  I n si  ot  t Ir-sc  was  tlio  iK-i-il  lor  a hifrliK  u-liahk-  s\  sUm  snu  c i 
( ( l)s  w ill  sloR-  piojrranis  aiul.  il  hits  ol  an  instiiKlioii  aic  t-i ioik-oiisK  LliaiiiK  il.  IIk-  w link 
s\sU  ni  auikl  slash  Assniaiui.-  ol  hanlwaro  ivliahililv  s ail  hi-sl  hi-  ohiaiiK-il  hs  i iii plo ; iim 
lonsi  iA aliu-  ili-sijm,  using  low  power  aiul  a miniimnn  luinihi-r  ol  sompoiu-nls.  proviilniL' 
regular  mainlenanee  (aiitomatie  as  well  as  operator  driven),  and  ineorporating  aiilomalii 
I nor  Deteetion  and  ('orreelion  (I  l)A('). 

Modularity  is  an  imporiant  eonsideralion  Modularity  .illows  the  memurv  lo  he 
sealed  in  size  so  Iliat  it  is  useliil  lo  many  syslems  willi  varying  storage  reipiiiemenls.  I lie 
( ( I)  moilule  IS  addressed  using  a I 2-hil  seleelinn  eoile  which  provides  more  than  sutlicieni 
eypaiulability 

rile  current  emphasis  on  hardware  standardi/ation  encourages  the  use  of  the  Navy 
Standard  Hardware  I’rogram  (SUP)  4(>pin  connector  and  modular  card-si/e  mcremenis  I he 
( Cl)  module  uses  the  same  Super  2A  cards  as  does  the  MIMC  described  in  the  previous 
section.  I he  use  ol  this  card  imposeil  some  restrictions  and  caused  some  problems  (as 
would  any  standard),  but  usetui  hardware  was  designed. 

The  overall  function  ot  the  CCD  module  is  to  store  data  in  a small  volume  .il  a cost 
which  is  competitive  with  a drum  or  a fixed-head  disk  (MID)  while  providing  five  to  ten 
(lines  taster  access  to  a block  of  data  than  is  possible  with  a drum  or  disk.  With  the  MIMC 
or  similar  controller,  (he  access  time  to  a 2.''6-word  block  of  data  is  between  600  and  700 
microseconds.  The  volume  occupied  by  the  module  is  270  cubic  inches  (4425  enrS.  In 
production,  a 16-niillion  bit  memory  (four  modules)  should  cost  about  .^5  thousand  dollars 
or  two  tenths  of  a cent  per  bit.  This  cost  includes  the  controller,  power  supplies,  an  N I DS 
interface.  LDAC,  and  a cabinet  suited  to  the  military  environment. 

The  CCD  memory  module  consists  v>f  24  Super  2A  cards.  Twenty-two  of  these,  the 
CCD  memory  cards,  are  identical.  The  remaining  tw'o  cards  are  the  Memory  Segment  Con- 
trol (MSC)  card  and  the  Data  I rror  Detection  and  Correction  (DITX  ) card  T he  module 
stores  262  144  words  of  data.  Lach  word  comprises  16  data  bits  and  six  liDAC  bits. 

Hie  LDAC  bits  allow  the  module  circuitry  to  detect  and  correct  any  one-bit  error  in  thc 
22-hit  word,  lo  detect  but  not  correct  any  two-bit  error  in  any  word,  and  to  detect  many 
errors  in  which  an  odd  number  ol  bits  are  m error  (A  modified  Hamming  cod-,  ol  viistaiice 
tour  IS  used. ) 

A R.AM  butler  has  been  mcorpor.ited  into  the  module  so  that,  once  the  desired 
block  has  been  written  Irom  CCD  into  the  bulier.  .my  word  ol  the  block  can  he  accessed. 
The  use  ol  the  RAM  bulier  also  guarantees  that  the  access  tune  to  a block  of  data  (25(i 
words)  IS  always  the  same,  about  (>.5()  mu  rosecomls.  ) his  is  true  bec.mse  it  is  not  important 
where  the  first  word  of  the  block  is  located  relative  to  the  oulpul  ol  the  25o-bit  ( VD  regis- 
ter. Whatever  word  is  available  lor  readout  is  wrillen  into  its  .ippropri.ile  loc.ilion  in  R.AM 
immevliately  after  the  rci|Uesl  for  (hat  block  is  received  by  Ihe  module.  1 .ich  word  is  Ihcn 
read  mil  m seijuence  until  all  ol  Ihe  2.‘'(>  words  have  been  re. id  out  ol  the  (CD  .md  wrilien 
into  RAM.  T his  lakes  about  ()5U  microseionds  I his  last,  w Iik Ti  le.ives  no  doubi  ,is  to 
when  Ihe  data  will  he  available,  simplifies  system  liming. 
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I )u'  .iti  liili  i ot  IIk'  ( Cl)  module  was  mllueneed  h\  several  taelors.  One  ol  tlie 
most  inii’oilanl  I'l  liiese  was  the  ilesire  to  keep  llieCCl)  module  as  independent  as  possible 
ot  the  eontiollei  It  was  desired  that  minimum  eonlrol  he  recpiired.  Relreshinp  ol  data  m 
the  ('(  l)s  I'loeeeds  nulepeiulenlK  ol  tlie  eoniroller.  Also.  word-h.V-word  transler  ol  dala 
Irom  ( ( I)  memoiw  doe's  not  re<|uire  eoniroller  aelion.  A RAM  bulTer  is  used  lor  lemfx'rary 
hloek  sior.ijte  and  allows  a delimte  .leeess  lime  (the  time  retpiired  lo  transler  a hloek  ol 
words)  to  the  R Wl  Inmi  the  (X'D.  The  IT)A('  lunetion  was  placed  inside  the  module  so 
that  errors  m ( ( 1)  could  be  detecteil  and  corrected  helore  the  rest  ol  the  system  could  he 
alTected.  Also,  it  was  determined  that  the  speed  reriuired  to  (lert'orm  a word-by-word  check 
could  best  he  .ichieveil  by  hardware. 

A major  point  in  the  architecture  of  the  module  is  the  use  ot  the  bit-slice  approach, 
l ach  ol  the  ( (1)  memory  cards  contains  one  bit  ol  all  the  1 024  blocks  ( 2h2  1 44  words)  in 
the  module.  Tins  bit-slice  api»roach  allows  llexibility  in  the  design  ol  tlte  system.  For  ex- 
amitle.  tor  the  ultimate  in  reliability,  a word  length  ol  22  bits  is  used  (22  cards)  which  pro- 
vides automatic  error  correction  lor  single-bit  errors.  It  this  I'eature  is  I'oiind  to  be  too  ex- 
pensive. live  ol  the  code  Wls  can  be  eliminated  retaining  only  the  parity  bit  which  would 
give  an  indication  that  an  odd  number  of  bits  had  changed.  Checksums  computed  by  the 
controller  could  be  used  as  a further  check  on  data  integrity.  Fliminating  the  error- 
correction  feature  would  reduce  memory  system  costs  by  about  20  percent,  f-urllier,  the 
system  could  also  be  used  without  parity,  requiring  only  lb  cards.  In  this  case,  the  control- 
ler would  be  relied  upon  to  detect  errors.  If  error  rates  are  found  to  be  sufficiently  low.  this 
approach  may  he  satisfactory  to  many  systems. 

Other  factors  considered  in  the  definition  of  the  module  included  physical  limita- 
tions (thermal,  mechanical,  electronic),  availability  of  CX'D  components,  pin  limitations  on 
connectors,  tfie  Super  2A  cards,  modularity  of  the  system,  reliability,  and  otlier  subtle 
factors  derived  from  the  systems  experience  of  several  engineers. 

The  simplest  view  of  the  CCD  module  architecture  is  shown  in  figure  4.  The  system 
data  bus  carries  16  bits  of  data  into  the  DFDC  card.  The  system  address  bus  and  control 
lines  feed  signals  into  the  Memory  Segment  Control  (MSC)  card.  These  two  cards  drive  the 
CCD  memory  bus.  Fach  CCD  card  is  one  bit  of  the  22-bit  word. 

The  MSC  card,  shown  m figure  5.  has  several  sections.  The  CCD  module  main  con- 
trol section  interfaces  with  the  system  address  and  control  lines  to  determine  whether  that 
particular  module  is  being  selected.  Decoding  of  lunetion  codes  and  sequencing  for  block 
transfers  are  also  controlled  in  this  section.  The  RAM  buffer  control  section  interface.,  the 
system  bus,  or  the  CCD  memory,  to  the  2.^6-by-l6  bit  memory  on  the  DliD(’  card.  The 
CCD  memory  clock  and  control  .section  generates  the  signals  for  block  transfers  to  and  from 
the  CCD  cards. 

The  CCD  memory-refresh  clock  section  must  be  active  at  all  times  in  order  that  data 
may  he  maintained.  This  section  is  independent  ot  the  othei  sections  in  that  power  can  be 
removed  from  the  latter  and  this  section  will  continue  to  function,  supplying  refresh  clocks 
lo  the  CCD  cards.  This  section  contains  a word  counter  which  maintains  the  phase  ol  the 
CCD  register,  determining  which  of  the  2.“'(>  words  is  available  at  a given  time. 

The  DFIX'  card,  figure  6.  contains  the  R.\M  butler,  buffer-addressing  circuitry, 
status  registers  and  I DAC  circuitry,  and  has  drivers  and  receivers.  Dala  are  transmitted  lo 
or  from  the  system  through  tri-stale  transceivers.  Incoming  data  are  written  into  RAM  or 
used  as  RAM  or  block  addresses.  RAM  addresses  are  routed  frimi  the  system  bus,  on  to  the 
RAM  bus.  through  the  RAM  address  mulliplexer.  to  tlie  RAM  address  eounter/latch.  Block 


17 


SYSTEM 

BUS 


CCD 

MEMORY 

BUS 


CCD 

MEMORY 

CLOCK 

AND 

CONTROL 


Irol  (MSC)  card  block  diagram. 


WORD 

COUNT 


Hgure  fj.  Oata/hrriir  IX-lecUim  and  rorrrclion  (DKDC)  card  block  diagram. 
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.iililivsM.s  .111'  I on  I I'll  I roni  I Ik-  s\  Ntom  on  lo  I Ik-  RAM  bus.  llimn).>li  tik'  ( ( 1)  nicmors 
bus  illlicts.  on  lo  Ilk-  ( ( I)  (..lids  wIk'IV  llu-\  .in-  l.llilk-d  inlo  tlk-  llloik  .uldli-ss  li-j!lsU-|v 

Hill'll  d.il.i  .III'  ri'.id  out  ol  till'  RAM  on  to  tin  ( '(  I ) mi'ino|-\  bus.  i Ik'  It'  bits  .in-  .ilso 
III!  into  ,1  I'.irits  ■^I'lk'i.ition  i inuit  vvliidi  )ti‘ik'r,iti-s  si\  loili-  bits.  I lk-si-  si\  lodi'  bits,  to- 
ik't  III  r u It  li  I 111'  I (i  il.it. I bits,  ni.iki'  U|i  t Ik'  22-bit  iiu'inor\  bus.  Moin  di'l.ul  on  this  o|H'i,ition 
kill  bi'  j'li'si'iiti'd  khi  u I |).-\(  Is  discussi'd. 

Will'll  il.it. I ,iiul  mdi'  bits  .111'  load  troin  tlio  ('(  I)  o.iids.  tho  Wi  d.it.i  bits  pass  tliroUL'Ii 
.'\iiusi\  0 OR  o.iti's.  t li tough  tn-st.ito  bus  drivoi  s.  on  lo  tho  R..\V1  bus.  and  into  Ilio  bid  lor.  1 1 
tho  ..odo  bits  luilii.ilo  .in  otroi  in  ono  ol  tho  data  bits,  tho  parilv  gonor.ilor  oliookor  notwoik 
kill  solid  .111  .iiiilross  lo  till'  dooodor  winoh  will  oaiiso  ono  oi  tho  data  bits  to  bo  mvorlod  in 
passing  through  tho  oxilusivo  OR  gato  on  its  wa\  lo  tho  R.AM. 

I ho  < (1)  nioniorv  o.iiii  blook  diagram  is  shown  in  tiguro  7.  I his  o.ird  is  mado  rola- 
livoK  siniplo  111  ordor  to  koop  ousts  Irom  rising.  I his  is  tho  most  populous  hoard  in  tho 
svstoii!  .ind.  lor  this  ro.ison.  h.is  a strong  mniionoo  on  syslom  cost.  I lioro  aro  lb  C'Cl)  do- 
\ ii  os  I Inlol-  24  I (i  1 on  tho  o.ird.  I ho  inputs  ol  all  ol  Ihosi-  dovicos  aro  tiod  togothor  as  aro 
till'll  outputs  H Ill'll  tho  blook  addross  ( 1 0 hitslis  laloliod  into  tho  blook-addross  la  I oh.  six 
ol  ihi'si'  hill's  go  to  .ill  ol  tho  ('(  I)s  and  lour  go  lo  iho  dooodor.  In  this  mannor.  only  ono 
blook  IS  soloitod  (hits  /oro  to  .s  I and  only  ono  ohii'  is  soloolod  (bits  b to  d ). 

Noti  Ih.il  lour  ohi|is  run  oil  Ono  ol  tho  lour  multiploxors.  I'liis  porniits  kooping  Iho 
lonipor.iluro  ol  tho  o.ird  low  sinoo  only  ono-quartcr  ol  tho  chips  on  any  ono  card  will  ho 
running  .it  high  spood  during  reading  or  writing.  Since  tho  ratio  botwoon  standby  clock  and 
ir.insloi  ilook  could  bo  throe  or  lour  to  ono.  this  multiplexing  permits  a signiricant  power 
s.iving.  rtiis  IS  a particularK  important  lactor  m this  system  where  a dynamic  memory  is 
usi'd  ,uid  which  IS  allected  adversely  by  temperature  m its  data-relention  tunction  (as  well  as 
rohahihty  ol  the  device  itsell  ).  During  a power  outage,  all  unnecessary  circuits  are  turned 
oil  to  mmimi/e  drain  on  batteries  used  to  maintain  the  data. 
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CONTROL 

SJGNALS 


H'NC  TION  ( 01)1  S 


1 lu'  (CD  mud  Ilk'  IS  SI 'll  I mik'd  !■>>  the  iiddivss  Inis,  the  s\  sis'iii  d.il.i  hiis.  .uui  i uni  ml 
lull  s,  I Ik'  prs'seiil  li.iidw.iis'  liiu's  use  si\  hits  ol  selesiioii  eude  lu  select  uiie  ul  (>  ? niiukiles. 

I I he  .ill-/em  addii'ss  shinild  I'e  leserved  tor  uiliei  in|nil-(uil|nil  addresses.)  1 uur  hits  ul  the 
III  address  lines  iii  the  s\  stem  aie  used  lor  eum  mauds.  I a hie  shows  the  \ ariuiis  lom  mauds 

'.vhieli  call  he  eos'ii  to  the  miulule. 


l AHI  I Ml  MORV  SI  (.MI  NI  I UN(  I ION  ( ODl  S. 


( mje  I 


I iiiielioii 


4 

5 

(i 

7 

X 

I) 

A 

B 

C 

D 


Write  Wind  intu  address  A*  ul  RAM  hutl'cr. 
Read  word  riurii  address  A*  ol  RAM  biilTer. 
Write  block  B*  mio  RAM  biil'I'er  I'roin  ( CD. 
Read  block  B*  Ironi  RAM  but  ler  into  CCD. 
Undelined. 

Undelined 

lindetined. 

Cndetined. 

Read  status. 

Read  ciror  syndrome. 

I'.nabic  inicmipt  request. 

Disable  interrupt  request. 

Undefined. 

KDAC  disable. 

Undelined. 

Master  dear  memory  segment. 


The  RAM  address  A or  the  block  number  B is  placed  on  t!ie  system  data  bus  during  the  I/O  uistruction. 


('oi)f;  0i(,  sin(;lh-wori)  writi-;  into  ram  bui-tt  r 

The  particular  module  is  selected  (bits  4 to  <))  and  the  lunetion  code  of0  (bits  zero 
to  3)  is  specified  by  placing  the  appropriate  value  on  the  address  lines.  T he  RA.M  buffer 
address  (bits  zero  to  7)  is  placed  on  the  system  data  bus  and  the  write  line  is  pulsed.  I'he 
RAM  address  will  he  loaded  into  the  RAM  address  latch  with  the  falling  edge  of  the  bus 
time  signal.  No  bus  wait  is  generated  by  the  MSC.  The  data  to  be  written  into  the  RAM 
address  are  placed  on  the  system  ilata  bus  (bits  zero  to  l.'i)  and  the  write  line  is  pulsed.  Bus 
wait  is  active  long  enough  to  complete  the  write  cycle. 

(ODl  1 If,  SIN(.l  I -WORD  RI  AI)  I ROM  RAM  BlITH  R 

The  particular  module  is  selected  (bits  4 to  ‘D  and  the  function  code  of  1 (bits  zeix' 
lo  .D  is  s|H'cifietl  by  placing  the  appropriate  value  on  the  address  lines.  The  RAM  buffer 
address  (bits  zero  lo  7)  is  placed  on  the  system  data  bus  and  the  write  line  is  pulsed.  The 


RAM  .kliliiss  Is  liuiiKkl  min  tin.'  RAM  .uMrcss  l.itcii  will)  tiu'  l.illmii  I'llgi.'  <>l  IIk'  bus  imu.' 
signal.  Nn  bus  wall  is  ei.-iu'rati.'il  by  tho  MS(  , 1 lie  data  are  read  Ir.im  llie  sssleiii  data  bus 
(bits  /ern  to  I ''tin  pulsiiig  I)u' read  line,  litis  wait  isaelwe  Inng  enough  to  guarantee  valid 
itala  Irom  the  R AM  butter 


(oni  WRII  l HKK  K BIMORAM  Bl'l  11  R I ROM  ( ( 1) 

I lie  I'arlKular  module  is  seleeled  ( bits  4 to  '» ) .nul  the  timet  ion  code  ol  2 | (,  ( bits 
zero  to  ,s ) IS  spe  died  b\  plaeing  the  appropriate  value  on  the  address  lines.  I he  bloek 
number  B is  pl.ieed  on  the  system  ilala  bus  (bits  zero  to  15)  aiul  the  write  line  is  pulsed 
I he  bloek  luimber  is  loaiied  into  the  latelies  on  the  ('(  I)  eards  by  the  I'alliiig  edge  ol  the  bus 
write  signal.  No  liirther  astion  is  required  by  the  eontroller.  The  MSC  immediately  raises 
the  aetive  line  ami  pertorms  the  neeessary  operations  to  eomplete  the  tiaiister  ot  the  r ■- 
quested  bloek  into  the  R.AM  butter.  During  the  transler.  the  Iranster  line  is  htgh.  I he 
aetive  line  goes  low  when  the  C(T)  registers  have  been  resy  nehromzed. 


( t)Dt  -5  IP  Rl  AD  BLOCK  B I ROM  RAM  BUI  i t R IN10C(  D 

The  partieular  module  is  seleeted  (bits  4 to  '))  and  tlie  limetion  eode  ot  3 |p  (bits 
zero  to  ,3)  is  speeitied  by  plaemg  the  at>propnate  value  on  the  address  lines.  The  block 
number  B is  plaeed  on  the  sy  stem  data  bus  (bits  zero  to  1 5 ) and  the  write  line  is  pulsed. 

Tlie  block  nutnber  is  loaded  into  the  latches  on  tlie  CCD  cards  by  the  falling  edge  of  the  bus 
write  signal.  No  furthei  action  is  reipiired  (d  the  controller.  The  MSC  immediately  raises 
the  active  line  aiul  performs  the  necessary  perations  to  ctimplete  the  transfer  of  the  re- 
((uested  block  into  (he  CCD.  During  the  Iranster,  Die  transfer  line  is  high.  The  active  line 
goes  low  when  the  C(  1)  registers  h.ive  been  resy  nchronized. 


CODl  4 IP 

(l!NI)l  1 INI  D) 

(01)1  5 IP 

(UNDI  1 INI  D) 

(01)1  ti|p 

HINDI  1 INI  D) 

(01)1  7 IP 

(UM)I  1 INI  D) 

(01)1  « IP  Rl  AD  S I A LUS 

rile  particular  module  is  selected  (bits  4 to  ') ) and  the  :unction  code  ol  K | p (bit 

Zero  to  .3)  IS  s(iecitied  by  placing  the  appiopriate  value  on  the  adilress  lines.  The  status  bits 
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,ll  V pl.K  I'll  nil  Ilk'  s \ sli'in  ll.ll  .i  bus  ( hlls  In  ''  I U ill’ll  I 111'  li'.lll  sILMl.ll  Is  ,k  1 1\  I \i  I hll 

A. Ill  is  L'l’iii  i, ill’ll  I ill-  si\  st.itiis  hlls  .111'  mil  ri'ii’li'il  .Is 


WMI  till 


1)1  I i\i  ( ION  ( u 1 1\  I Ilk, III 


I I .lllsll'l 
\l  tl\l' 

i II I ll 

( ' irii'i  li'il 

I )i'  1 1'l  li’il 

ki’.iih 


0 D.it.i  .iiv  lii'in;_'  ir.iiisliTri'il  hilvu-i-n  iIk’  RAM  I'lillii  .iiul  ( ( I) 

1 D.il.i  ;iK-  IviiiL'  l|•.lll^ll•^rl■(l  oi  llic  ( ( I)  ri'L'isli’i  s .nv  Ih'intj  ivsyii- 

I 111  I 'iii/i’il  (lid  iidl  mill. Ill’  .iiidilii’i  hldik  li.msli  I I 
\l  li'.isl  dill’  iTidi  \i;is  m.idi’  iliiiinu  llii’  l.isl  hldik  ic.iil 
Al  li'.isl  diu’iTidi  v\.is  idrii’ik’il  iliiiinu  iIk’  l.isi  hlnik  li.msU’i. 

4 Al  li'.isl  dill’  wdiil  li.iil  ll  lud-hit  I'lidi  iliiniiij  ihi’  l.isi  hkkk 
ri’ikl. 

5 .A  ('('!)  ii'lii’sli  lAili-  li.is  hi’i’ii  idinpli’ii’il. 


( ()l)l  Rl  Al)  I RKOK  ADDKI  SS 

I III’  p.ii  I ll  lil.ii  inoihili’  IS  si’ll’ it  I’ll  ( hlls  4 Id  ')  l .mil  I he  luiii  l inn  idile  nl  | i hils 
/I’ln  Id  I IS  spi’i  ll  ii’il  h\  pill  I mi;  I 111’  .ippid|iri;i  ll’  \ ill  lie  nil  I he  ailil  less  lines.  I he  i i M'i- 
.iililress  hits  I /I’ld  Id  S I .lie  I'laeeil  on  the  sysleni  il.itii  hiis  iihen  ihe  re. id  simi.il  is  .letivi’,  Nd 
hlls  \i  .III  IS  i;eiU’i'.iti’d.  rile  ermi  .iddi'ess  slimild  he  inlerpreU’d  .is  Idllmi.  s i hex.ideemi.il ) 

j RKOK  ADDKI  SS  (III  \>  BAI>  VI  A Bl  i;  I’OSI  l ION  iDI  ( IM Al  I 

0.' 

0> 

0(1 
07 
O') 

0.’\ 

OB 
OC 
01) 

01 
01 
1 1 
i: 

I.) 

14 
I.’S 

Ihe  errnr  iiddr  esses  01. 0 - - 04,  0S.  .iiul  10  re  lei  Id  i dde  hits  m 1 1 idi . ( dde  hits  .ii  e 
iidl  idireiled  hut  .ire  leL’eiier.iled  when  dal.i  .ire  re.nl  diil  nl  Ihe  R AM  hiillei  iiiln  the  ( ( 1). 

I rror  .nldress  0 meiiiis  no  errors.  I nor  .uliliesses  l(>  Ihroiieh  .M  li.ive  no  me.miny!  in  this 
system  other  tli.in  that  their  appearanee  may  indieate  a |iossihle  hardware  railure 
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(01)1  A|,,  I NABI  I IM  I KKl'l’l  RI  (.)riSI 

Ihe  p.n  t III  ll.ll  moduli’  is  selei  teil  t hits  4 to  ')  1 .iiiil  Ihe  I u net  ion  i ode  ol  A IP  I hits 
/ern  Id  ,D  IS  speiilied  hy  plaeinp  (he  .ii'inopriate  .iliie  on  l'\  address  hin  s.  No  d.il.i  .ire 
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I'll-,  W In  n I 111-  ^ .-n.'  ‘ . 1 1 h,'  1 1 1 - 1 1 1 K ! i 1 1 !■  lU  s I i u' 

\1  M ' ’li  ' III  M 'll.'l  In  >v,-|  I I ■ .i  i : ■ I ‘II  up  In. 

I I IM  H;,  DISABl  1 1\11  RKt  I'i  Kl  p>!  i SI 

IS  , ’ II  ' U .1,1 1 miHln  Ir  IS  P'll  I ; i I S -t  I.  ■ '<  I .liul  Ilk'  111  IK  I II  'll  I ' 'll'  H 1 1,  ( I'I  I-  ,'.1 . ' 

I > n;s  , .Ill'll  h'.  pl.Klllp  IIk'  .ll'I'K'pll.ltl-  ’..llln.'  I'M  lllC  .uidless  llIK's.  Sn  I ||  hi’l  il.ll.l  .III' 

: :.i : .si  ii  ! 'k'  -.'i  sli  iii  il.ll.l  blls.  Whon  Ilk  .i  ; :I  .■  is  pilIsL'ii,  ilk'  tiip-l  ti  ip  iv  IlK  I;  .illi'K  s 

I ik'  \1  S(  P ' .1. !'.  n upl  I Ik'  i nnl  ii'lli'l  IS  I li'.iK'u  . 1 1 pu  'liiliil  iiitei  mi'ls. 

(01)1  ( 1,,  (UM)I  I IM  D) 

(01)1  I ip  MASH  K ( I I AR  Ml  M()R\  SI  (.MI  NI 

I lk'  p.trl Is  ular  nuniulc  is  ss'lcctL'd  (hits  4 to  *) ) and  ths  I uik  l mn  sods  I | p i bps  /si . > 
In  .'I  IS  spssilk'd  In  placing  the  appropriate  value  on  the  address  lines.  \o  d.il.i  .iie  icipiiiei! 
on  the  sNslein  data  (nis.  When  the  write  signal  is  active,  the  lollowing  occurs. 

Interrupts  are  disabled; 

1I)A(  is  enabled: 

riie  RAM  address  counter, 'latch  is  cleared; 

I he  error  address  latch  is  cleared; 

The  error  status  (error  made,  error  coriected.  errors  detected)  latch  is  cle.ired. 

Ihe  block  number  registers  on  the  CCD  memory  cards  are  cleared;  and 

Other  miscellaneous  tlip-Hops  are  also  cleared  to  initiali/e  the  module. 


[ DAC  OPERATION 

In  this  briel  description  ot  the  operation  ol  the  I- DAC  circuitrs , no  attempt  will  be 
in.ule  to  go  into  the  tlieory  o I coding.  The  reader  is  referred  to  Ihe  ni.in>  books  on  Ihe 
sul'iecl  lor  lurthei  mrormation. 

In  simple  terms,  in  this  system,  even  parity  is  computed  over  various  grouivs  ol  the 
Wi  d.ila  bits.  I .ible  4 shows  the  relations  between  the  code  bits,  the  data  bits,  and  memory - 
bus  I'll  position  I zero  Ihrongh  1 1 ).  Relerrmg  to  the  table,  note  that  code  hit  0 is  the  bit 
wliii  li  111. ike-,  (he  parity  ol  the  bits  in  that  group  even.  This  means,  il  data  bits  0,  I..C4.  (>. 
H 10.  11  IT  and  Is  ,ue  all  ones.  i ode  bit  0 must  he  a zero  to  maintain  even  parity  m that 
eio,i(  III  otiuT  k Old'.,  ten  ones  is  .in  even  number  ol  ones  ,ind,  lor  that  group  to  maintain 
even  p.ii  lU  Ilk  . ' 'de  bit  must  be  .i  /elo.  1 1 one  ol  I he  data  hits  is  a zero,  leaving  nine  ones, 
the  lode  I'll  would  h.ive  to  be  .1  one  to  obtain  even  parity  over  the  group  C0,  D0.  I)  I . D.C 
1)4  l)c.  Its.  DIO  1)1  1 . 1)1  t.  itnl  1)1  ^ .Similarly . with  Ihe  olhei  groups.  1 . 2.  .C  and  4.  Ihe 
ode  bn  lonn'iiled  so  i hat  Ihe  group  whkh  iik hides  Ihe  code  bit  h.is  .m  even  number  o| 

. 'IK-- 

I he  I Ol  I bn  ( s ||, ,«  evei.  is  l Oin puled  so  I li.it  p.iril y over  the  entire  22  bils  is  oild ; 
.111  odd  iniinhei  ol  ones.  I or  iiisl.iik  e,  it  all  the  d.ita  bits  were  Zero,  coile  bits  C0.  ( l.(  2. 

( V .mil  ( 4 would  .ilso  be  zeroes.  |o  .icliieve  oild  parity  over  Ihe  entire  word.  ( .s  iniisl  he  .i 
In  this  i.oe  iheie  will  be  an  odd  number  ol  ones,  n.imely  one.  m Ihe  22  bits. 
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• iHc, 


] lir  I'lilpnl-,  liom  Ilu'  p.ilit\  Jiivki-is  .iiv  tci.1  In  hns  iliiM  ' . ii^  iiilv  in.'  I: 

i i vln  h;I'  ,11  c si nn.nl  m ( ( 1 ) iiK  inni \ ;!. in,;'  with  l Ik-  d.il.i  hits.  I )m  inp  I li..  i mul  .in.'  . >I  ..  I ' I- 

1 1 nm  ( ( 1 ) riKiii  nr\  , 1 lu'  ilal.i  hils  .111-  ,n;,iiii  I .(1  ml, . I hi'  p.ii  I r%  pi'iui  .ilni  , Ik,  k i ii , . ii  ■ ' . i 

linw  Ilu'.i'ih  hiMlnm  ( ( |)  Mli'nii'IA  is  ,ll  ■ Ii'il  III  In  I hi'  p.il  1 1 \ i 1 1 , 11  ll  lltikl,  w.n  •in 
,lln|.  Ihl'  p.lIllN  'Jl'IK'l  ,1  Ini  ihl'lkl'IS  Wnlllil  nlltpul  /fini'S  I<  1 till'  iTM'l  .lllilll's-  1,1  I , I 

it  ,m  iTi  nr  ni  I iiiri'il,  I lu'  hit  p<  'mIh  m wnulil  In-  iiulk  .ili'il  h\  Ilu'  1 1 mi  nhlu  -n  i ms- 
Ii'i.  1 his  ,ilsn  1,111  hi'  si'i'ii  111  l.ihli-  4.  \nli-  tlial  thi'  parit\  pmups  h.iii  hi'i'ii  „ In,  U ,1  in 
"hin.iiv  " l.isliinii,  hni  I'X.inipli',  ,”inup  0 is  I'MTl  hiIkt  posilinn.  gmiip  us,  vniiiv  nlln- 
p.iii  nl  hits,  ,iiul  sn  Inl'lll.  Ili’Hii',  iMi  h iniln  hil  is  a hin.iiA  atiiirnss  hil,  1 ni  this  ii',isnn. 

will'll  till'  stnri'il  .iiul  ii'Ci'ivoil  hits  iln  not  agioc.  Ihf  pants  giiii-i.ilni  ihiiki  i nutpuK  liisiL’- 

ii.iti'  tn  wh.it  ttrniips  that  Int  hi'lniiitcil.  rcMilUni;  in  a hmars  adilnss.  I iirlhi'i  .mail  sis  rn- 
iiuiii's  .1  ili  t.iili'il  stuils  ol  till'  urcmtry  ivhiili  is  hi-yntiil  tin-  suipi-  ol  this  ri-j'nrt 

Only  the  lirst  error  eorreelmn  nr  ileteetion  in  .1  hlnek  Iransler  is  iniiieated  111  the 
sl.itiis  hits  ni  III  the  error  address  register  ( I'he  I'DAC  bits  are  cleared  In  using  the  M.ister 
( le.ir  Meiiuni  segment  lunetion  code  b i,,  l Siibseijiient  eorreetions  will  he  perlormed  but 
the  st.itus  registers  will  not  change  until  either  they  are  cleared  by  the  Master  Cle.ir  nr  b\  the 
next  block  traiister. 


SI  ( I ION  5 ThSTlNt;  I Ht  C ( U Ml  V10RY  MODIJLL 


un  n si  sYsviM 

lii.  k.iiiM.'  n|  tmiilinj!  limitations,  only  a partialK  popnlatL’cl  moduli.'  was  asscmhU  . 
iiul  ii  --lv'd  I Ik-  Vise  .iiul  DHK'  sarils  wi-u-  assomhkd  just  as  tliuv  would  he  lor  a lull  niod- 
ali  1 Ik' t ( I)  ^ ,nd  w.is  modilied  so  that  data  were  enlered  m parallel  into  the  1 (i  ('('Ds.  two 
iiiKeoe.i  lull  '2  hits.  (i4  hloeks  deep.  In  etleel , one-si\teenth  o|  a module  was  available 

I"!  I.  ^l 

i Ills  module  was  imhedded  in  the  MIMC  ehassis.  I lie  entire  eard  eap’e  is  shown  in 
! leuie  s I lie  \|  S(  . ni  I K . and  (’arallel  ( (I)  eards  are  shown  in  I punre  '■>.  I hese  earils  are 
'Pi  . i.il.  liieh-densit y.  Super  2 A si/e.  weld-post  cards.  In  a prodiietion  system,  they  would  he 
nmliil.iv  el  printedeireuit  hoarrls.  Other  cards  are  shown  m liyiures  lO,  I I,  and  I 2.  I Ins 
.h.issis,  power  supplies,  ,i  paper-tape  puncli'reader,  and  a cathotle  ray  tube  made  u|i  the  test 
'V  stem. 


I iynire  X.  Hie  MIM(  chassis  canJ  cajre. 


lYPI  SOI  II  SIS 


I ,iil\  iK  \i'|i)pm;'iil  '.voik  on  ('(  I)  concerned  itsell  willi  tlie  clKnj’e-lrjnsler  ellicieiKs 
.nul  ihc  hii-i.rioi  r.ile  which  be  achieved  with  existinj:  leclinolojiy.  I .irly  devices 

winch  were  testeil  showed  serious  pattern  and  lemperainre  sensitivities.  I or  this  reason,  in 
test  me  I he  deuh  >ped  sv  stem,  as  main  jiat  terns  as  possible  were  run  tlirouph  tile  s\  stem  to 
deiermine  seiisil  i\  ities.  1 lie  patterns  chosen  lor  testing  were: 

I est  0.  all  zeroes, 

1 est  1 . all  ones, 

lest  2,  count  and  inverse; 

l est  .n  alternating  0s  and  I ( clieckerboard ); 

lest  4,  galloping  Is  (ones); 

l est  .S.  galloping  0s, 

lest  I).  pseudir-random  number  and  inverse;  and 
lest  7.  hall-zero,  hall  ones  and  inverse. 

n .SI  .S  0 AND  1 

The  all  ones  and  all  zeroes  tests  are  simple  starting  points.  No  particular  problems 
nor  insights  were  expected  or  obtained. 


IT- STS  : AND  3 

T he  count  pattern  niiis  from  0 to  255  in  the  lower  eight  bits  and  from  255  to  0 in 
the  upper  hall  word.  This  pattern  exercises  each  bit  to  varying  degrees  from  alternating 
ones  and  zeroes  to  a string  ot  zeroes  and  a string  of  ones. 


IT  STS  4 AND  5 

T he  alternating  ones  and  zeroes  present  a kind  of  worst  case  where  every  bit  is  dif- 
terent  from  its  neighbor.  The  galloping-one  and  galloping-zero  pattern  has  a single  bit  in  a 
sea  of  Its  complement.  This  test  is  expected  to  show  up  weaknesses  in  sense  amplifier',  and 
in  leakage  problems. 


Tl  ST  6 

The  pseudorandom  test  uses  a tnaximal  length  (no  repeats)  16-bit  number  to  deter- 
mine sensitivity  to  a random  pattern. 


ThST  7 

This  lest  stores  I 2S  ones  and  then  128  zeroes  into  the  25(r-bit  C'CD  register.  This 
test  was  suggested  by  Dennis  Amonson  of  UNIVAC  after  he  found  some  sensitivity  to  that 
pattern.  (This  lest  is  the  same  as  the  pattern  seen  by  bit  7 of  a 256-word  count.) 


IMI  11  SI  l‘R()(.R\M 


I ho  lost  proiti.im  It. is  llio  lnllovviiij;  lo.iliiros: 

I ho  sl.iituit:  d.ilo  .iiul  tiiiio  oan  I'o  storoil  so  loiij;  periods  oaii  bo  mil  with  .in  .looiinilo 
loooid  ol  ilio  orioi  i.itos, 

\ii\  I ombin.ilion  ol  Iho  oi>:ltt  tests  o.m  be  utili/ed; 

lidomi.itioii  o.in  be  stored  and  ilis(ila\et!  on  the  request  ol  the  loljowmp 
st.irl  d.ite  aiul  tm.e. 
tests  beiML'  run, 
tot.il  luimber  ol  passes, 
tot.il  mimber  ol  errors  (bad  bits), 
the  lunnbei  ol  uneorreeteil  one-bit  errors  in  a word, 

the  ninnbei  ol  errors  whieli  oeeurred  in  a greater  th  in  tw'o-bits-per-word 
nt.inner, 

(he  number  ol  bloeks  m wliieh  at  le.ist  one  bit  was  eorreeted. 
the  number  ol  bloeks  m whieh  two-bit  errors  were  ileteeted. 
the  nimiber  ol  times  an  illegal  address  was  read, 
the  mimber  of  errors  (xt  test  lor  each  ol'  the  eight  tests, 
the  number  oT  errors  in  each  bit  ol  the  22  bits,  and 
the  number  of  errors  in  each  of  the  64  blocks; 

I he  first  1 2H  worils  with  errors  are  stored  along  with  the  block  number  and  RAM 
buffer  address. 

The  statistics  can  be  printed  out  on  the  cath<Hle-ray  tube  at  any  time  the  “S"  key  is 
depres.sed;  and 

The  test  will  continue  when  the  '‘C'”  key  is  depressed. 


TEST  RESULTS 

The  results  of  the  testing  can  be  summarized  as  follows.  During  I 207  hoi.irs  of  con- 
tinuous running,  from  i 3 May  through  8 July  1976.  only  ten  errors  were  detected  and 
corrected  by  the  module.  At  the  reading  rate  used  (about  6.8  X 10^  bits  per  hour),  this 
indicates  an  error  rate  for  the  CCDs  of  1 .2  X 10"*  * error  per  bit  read.  The  system  error  rate 
IS  even  better;  all  of  these  errors  were  single-bit  errors  and  were  corrected  before  the  data 
were  read  into  the  RAM  buffer. 

It  was  particularly  gratifying,  when  the  tests  were  first  started,  to  find  a “weak" 
device.  I'his  was  possible  since  the  tests  kept  indicating  that  a particular  hit  was  bad  in  a 
particular  block.  Replacement  of  the  chip  eliminated  Ihe  error. 

It  should  be  noted  that  all  of  the  tests  were  conducted  at  approximately  25'' C' 

(room  temperature).  Problems  in  other  hardware  precluded  testing  at  higher  temperatures. 
.Such  testing  should  be  done. 

No  pattern  sensitivity  was  observed.  The  sensitivity  observed  by  UN IV AC  personnel 
was  on  eaily  devices,  rite  problem  was  known  by  Intel  and  was  probably  eliminated  by 
modification  of  their  chiivlabrication  process. 
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NVliilo  tiK'  {'(1)  mnduk'  ;ippc;irs  to  work  very  well,  there  !i;ive  been  some  inlerinittenl 
noise  prohlems  with  the  eoitl roller.  Improvements  in  e;ird  hiyout  jiul  in  bus  sijimils  should 
ehmin.ite  these  problems. 


■sbCTION  6 SUMMARY  AND  KEt  OMMLNDATIONS 

A nuKlular  ( ( 1)  memory  subsvstem,  useliil  lor  Navy  C-^  applications,  with  an  intelli- 
gent front  end  has  been  desijjiteii  ami  tested.  Basic  software  has  been  ileveloped  and  a moni- 
tor h.is  been  written  to  simplity  iirogramming.  I'he  CCl)  module  has  been  designed  and  a 
partialK  populated  module  has  been  tested.  Initial  tests  showed  an  error  rate  lor  theCC'Ds 
ol  .iboiil  I X I0~' ' per  bit.  The  module  itself  corrected  all  ol  the  errors.  The  system  is 
ready  lor  use  as  a disk  or  drum  replacement.  I ngineering  will  be  required  to  expand  the  bus 
system  and  to  configure  the  hardware  to  a particular  cabinet  E'urther  testing  is  recpiired  to 
determine  the  elTects  of  temperature  on  the  system.  UNIVAC  has  done  some  temperature 
cycling  and  has  tound  adequate  performance  over  the  range  specified  for  the  Intel  device. 

The  cjiiestion  ol  volatility  arises  with  a C’(T)  system.  Two  answers  are  available; 
dump  the  data  on  to  tape  under  battery  power;  and  use  a battery  backup  for  the  CCDs.  The 
first  solution  answer  is  somewhat  less  desirable  since  it  means  adding  anotlier  mechanical 
device  to  the  system.  The  second  solution  answer  is  feasible  but  seems  to  be  poorly  accept- 
ed by  systems  designers.  It  may  recpiire  several  years  for  baltenes  to  become  acceptable. 

A concept  which  may  mininii/.e  the  mniiber  of  batteries  takes  advantage  ol  the  fact 
that,  when  the  main  power  is  lost  m a system,  heat  generation  from  electronics  operation 
stops.  Thus,  when  this  happens  the  temperature  will  drop  to  approximately  ambient  (25°  to 
50°C).  Sin  e the  CCI)  specifications  require  a ,50-kHz  clock  to  maintain  data  at  70°C.  the 
clock  required  at  30°  C may  be  as  low  as  1 2 kHz  or  one  quarter  of  the  normal  operating  clock 
rate.  Tor  this  reason,  the  number  of  batteries  could  he  reduced  and  temperature-sensing 
circuitry  could  be  incorporatetl  to  ensure  the  correct  clock  rate. 

Rough  calculations  indicate  that,  using  the  slow  clock,  the  data  in  the  mixlule  (5.b  X 
l()0  bits)  could  be  maintained  for  two  hours  with  six  D-si/e,  sealed,  lead-acid  cells.  The 
batferies  would  rei|uire  a volume  increase  of  only  about  12  percent.  This  breaks  down  to 
302  cubic  inches  (4710  cm-^  I for  the  C'C'Ds,  and  to  30  cubic  inches  (4b‘>  cni-^ ) for  the  batter- 
ies. Investigation  should  he  continued  along  the.se  lines. 
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\PPI  \m\  A;  1)1  S(  RIPI  ION  OI  MIVU  INSTRl'(  TION 
I ORMAl  AM)  1)1  » »NH  IONS 


111  lumi.it  1^, 


()l>  (01)1 


Hit  Nunil'v.!  M 
liisliiKiiun  ^ 


( )|H  i,ition  ( ink- # 

Kinri-'li.T  \ HI  Hit  \timlHT  B 

Rl  ).'lsIiT  / - 

Opi-niiul  Ai.li.la\s  N or  ,i  I licriil 


Ik  1^ 


The  mstruetion  mnemonic  will  be  a lour-leller  symbol  for  the  instruction.  T he  first 
two  letters  usualU  desieiiate  the  class  ol  instriietion.  such  as,  l.l)  for  load,  AN  lor  AND,  and 
so  lorth.  T he  tliiril  letter  signities  ttiat  an  ,X  repisler  is  used  m the  mstruetion.  T lie  fourth 
letter  rlesignates  the  type  ol  addressing  use-d  to  obtain  the  oivrand,  as  listed  below.  Tliere 
are  exceptions. 


Symbol 

0 

Z 

L 

N 

J 

M 

1 

K 


Description 

Tlie  O or  extended  working  register 
A register  0 F" 

Literal  Y 
Normal  (Y) 

Indirect  ((Y)) 

Indexed  Literal  Y + (Z) 

Indexed  Normal  - (Y  + (7.)) 
Indexed  Indirect  (|Y  + (/.))) 


R1  (WSTI  R DI  SK, NATION 


NO 

HLX 

LABI  L 

D1  S(  RIPTION 

1 

0 

WR 

Working  Higiso  r 

1 

WR 

Working  Register 

3 

“y 

WR 

Working  Register 

4 

3 

WR 

Working  Register 

5 

4 

WR 

Working  Register 

6 

,S 

WR 

Working  Register 

7 

(i 

WR 

Working  Register 

8 

7 

WR 

Working  Register 

y 

8 

WR 

W'orkmg  Register 

10 

9 

WR 

Working  Register 

1 1 

A 

WR 

Working  Register 

i: 

B 

WR 

Working  Register 

13 

( 

IR 

Test  Register 

14 

1) 

SP 

Stack  Pointer 

1,3 

I- 

OR 

Operand  Register 

Rl  (.ISI  I K 1)1  SK.NAI  l<)\  ((  niitmikai 


III  A 

1 ABM_ 

1)1  S(  Rll'l  ION 

l(. 

1 

l>( 

I’lDiir.im  ( ounti’i 

r 

ALLLimuhilor 

IS 

SR 

St.iliis  Rouislci 

RAI  I Rl  (.IS  I I R SLUliH)N 

MR  R{) 

NO  (01)1  SOIKC  1 DlSl  SOrR(l  1)1  SI 


0 000 

I 001 

: 010 

011 

4 100 

5 101 

U 110 

7 III 


X A / B 

M A / B 

X A X B 

M A X B 

X A M B 

M A M 

X A 

M A 


STATUS  RITilSTI  R D1  I INH  ION 


Bll 

l)l,S(  RIPTION 

CODi: 

HI  X 

0 

Over  (low 

0000 

0 

1 

Accumulator  Lull 

0001 

1 

T 

Accumulator  Zero 

0010 

■> 

3 

Spare 

001  1 

4 

Sign  Lower 

0100 

4 

5 

Sign  Upper 

0101 

5 

(i 

Carry  Lower 

01  10 

() 

1 

Carry  Upper 

01  1 1 

7 

H 

Undet'ined 

1000 

X 

<) 

Undel'iued 

1001 

u 

10 

Undetiiied 

1010 

A 

1 1 

Undelined 

101  1 

B 

12 

Undefined 

1 100 

( 

13 

Undelined 

1 101 

1) 

14 

Undefined 

1 1 10 

1 

15 

Undefined 

1 1 1 1 

1 

I lu’  symbols  jrc  ik-rincd  as  lollows: 

SYMBOL 

1)1  1 INITION 

0 

I he  (3  legist 

er. 

X 

1 he  regisiei 

designated  in  the 

X field  ibits  20-23 1. 

/ 

The  registei 

designated  m the 

/ held  tbits  1 (i- 1 ‘H, 

Y 

1 he  number 

contained  m the 

lower  l(i  bits  (0-1  5 I 
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j 


cc 


S'!  \IBOj_ 

1)1  1 IM  HON 

((,)( 

1 l)i-  niiinlx’i  i.onKiiiH-il  m Uk'  (.)  rL  j.'Kli.'i 

(\i 

I 111'  tumilHT  o'lii.iiiK'd  m llu'  X n-jiisti  t 

(/) 

1 ho  mimhoi  ooiit.iii'oti  in  Iho  / rofiistor. 

) 

1 ho  luimhor  ouiiiaiiioil  .it  moinor\  loo.ition 't 

> + (/I 

riio  mimhoi  ohl.imoi!  h\  luklmt:  Y to  (/  ). 

l'( 

1 lio  Brograin  Ciumlor  rojjistor. 

(K  ) 

I ho  luiinhor  ooiitaiiioii  in  B(', 

SK 

I ho  Status  Rogisior. 

(SRt 

I ho  luiuibor  ooiitainod  in  SR. 

B 

Tho  number  m the  B field  (bits  20-2.^). 

SB 

riie  Staek  Bointer  Rejiister. 

(SB) 

The  number  eontained  in  SB. 

MM'I  NDIX  IJ  MINK  I'KH  IMIN \KY  INS  I lU  ( I ION  SM 


( 1 \ss 

\l\l  M 

nl>(  ODI 

SR[ 

1 1 \(  NON 

1 < > \l ) 

1 |)\(,) 

1 : 

i(,)i  -X 

1 DM 

:o 

Y • X 

1 l)\\ 

:i 

(Yi  - X 

1 DWI 

> •> 

N + ( / ) * X 

1 DM 

(N  t (/))  * X 

SIOKI 

S 1 \(.) 

1.) 

( X 1 • (,) 

SI  \/ 

so 

( X 1 - / 

SI  \\ 

,Ji 

( X ) - N 

SIAM 

s: 

( X ) ->  Y + ( / ) 

1 ( H ,1( 

\N\/ 

40 

(X) A (/)  - X 

OR\/ 

4,S 

* 

(X)  V (/)  - X 

\R\/ 

.SO 

(X»  \ (/)  - X 

( 1 R\ 

SO 

0 - X 

( I Ml 

s.) 

0 - Y + ( / 1 

INN  A 

II 

* 

X ‘ X 

\RI  1 IIMI  IK 

ADX/ 

A0 

* 

( X ( + (/.)-*  X 

ADXl 

Al 

* 

( X ) + N - X 

ADXN 

a: 

* 

(X)  + (Y)  * X 

SB\/ 

AS 

(X)-(Z»-  X 

SBXI 

A') 

♦ 

(X)-  Y - X 

SBXN 

A A 

♦ 

(X)-(Y»  * X 

IN(  X 

40 

* 

(X)+  1 - X 

1)1  (X 

4K 

* 

(X)-  1 - X 

SHIM 

SR(  X 

(10 

* 

(X)  IS  right  shiHoJ  Y inncs  (nrail.in 

SR  LX 

(il 

♦ 

(X»is  riglit  shil'tod  Y tmu's(/orn  lillaD 

SLCX 

(i4 

♦ 

( X ) is  lot  1 shit  ted  V' t inu's  t eiraiLir ) 

SI. LX 

(i5 

* 

t X ) is  left  sititted  Y tinu's  ( /oio  lilleil  I 

JUMPS 

lUNL 

70 

Y - P( 

JUNN 

71 

(Y»  - P( 

JUNX 

72 

t X ) - P( 

INXL 

74 

* 

It  (X)  - 0.  ill!  M tXi  / ()A  - P( 

Jl  XI 

7(1 

* 

ll  tXi  = (.)  do  Nl.tX)  / 0 N + (/)  -.  P(  . 

lies  rement  t \ ! 

IBSL 

7S 

It  hit  B ot  SR  - 1.  N • lY  It  - 0.  do  M 

IBSN 

74 

It  hit  B ot  SR  = 1 . A 1 • P(  It  = U,  ilo  M 

IB/L 

7( 

It  hit  B ot  / 1 A - P(  II  = U.  do  M 

JB/N 

71) 

II  hit  B ot  / - 1 , (N  1 - i>(  It  =r  0 M 

( OMPARI  S 

{ PX/ 

(0 

jf- 

t X » - 1 / ) • (,) 

CPXL 

Cl 

* 

t X 1 - N - (2 

( PXN 

(2 

* 

t X » - ( N ) - (,) 

MSX/ 

cs 

* 

II  (X)  = t/i.  n - X.  Skip  M II  (X)  (/I, 

IIKIVIIK'III  t X 1.  do  N| 

MSXL 

(4 

* 

lltXl  Y,0  •X.SkipM.  II  ( XM  N . iiure- 

im-iil  t X ).  do  NI 

3H 

■- 

e 

n ASS 

NF^TI 

OPCODI- 

SRI. 

UNCTION 

roMPAR!  S 

MS.W 

(A 

II  (X)  = (Y),  0 - X.  Skip  NL  IITX)  -A  (Y), 

increment  ( .X ).  do  N'l 

IN  riiRRl  PI  S 

INTY 

B0 

Interrupt  enirv;  fPC)  - 1 tSP ).  Y ->•  PC,  t.SP) 

- 1 SP  ; 

1 ri:x 

m 

Intermpl  e.xil;  (tSP)  1 1)-PC,(SPM  1 - .^P 

n XR 

I.c 

intcrrujit  exit  anti  enable  intemipts 

CALL 

1L-! 

Call  subri'utine,  PC  -*•  (SP).  (SP)  - 1 SP,  Y 

- PC 

R1  IN 

B4 

Retui  . ,rom  subroutine,  ((SP)  + 1 ) -^  PC, 

(Sl)+!-‘SP 

RTNK 

B.S 

Return  from  subroutine  and  enable  interrupts 

DINI’ 

ID 

Disable  all  interrupts 

lilNT 

1 1 •: 

Fnable  all  interrupts 

STACK  INC. 

PSIlX 

B8 

(X)-(SP),(SP)-  I -^SP 

POPX 

BC 

((SP)+  l)->  X,(SP)  1-  1 ^SP 

PSilS 

B6 

(SR)-^(SP),  (SP)  - 1 ->SP 

POPS 

B7 

•It 

((SP)+  !)->  SR,(Si>)  + 1 - SP 

I/O 

orxY 

10 

Output  (X)  to  Channel  Y 

INXY 

1 1 

Input  to  X from  Channel  Y 

ISXY 

17 

Inp  it  (slow)  to  X from  Channel  Y 

MI  SC 

I- ALT 

00 

Fault 

INRX 

01 

Manual  inspection  of'.X)  on  panel 

ICML 

02 

Manual  inspection  of(Y)  on  panel 

DSPX 

03 

Hi 

(X)  is  displayed  on  the  panel  for  Y/8  seconds. 

Z is  used  for  counting. 

BSTS 

04 

Cycles  bus  control  lines.  U.sed  for  debug  only 

I)i;ly 

05 

♦ 

Delays  next  instruction  for  Y microseconds. 

NOTI  : The  • means  that  a number  is  moved  to  a location.  For  instance: 

( (j)  -*  X means  tlie  number  in  registerO  is  loaded  into  register  X. 

Y + (7.)  -*  X means  tlie  number  Y plus  the  number  in  register  Z is  loaded  into  '■ 
register  X. 

I V + (/.))  -*  X means  that  the  number  contiiined  at  memory  location  Y + (Z)  is 
loaded  into  register  X. 

((.SI’l  -t-  1 ) — X means  that  the  number  contained  at  ihe  memory  location  (SP)  + 1 
is  l<  aileil  into  the  register  X. 

( X ) - SI’  means  that  the  number  in  register  .X  is  stored  at  the  memory  location  ! 
designated  by  the  number  in  SP.  ’ 

The  * means  that  the  Status  Register  is  loaded. 


Nii.c  l•llorol;KAl’lls 
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LSI  lK,3.7-7fi 

1.51-  I lfi.'i-7-7f. 
I..SI'  ll6't-7-7f, 
I.Sl  llf,7-7.7(i 

1.51-  ll(.f.-7.7h 


